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Liquid metals at extreme pressures and temperatures are widely interested in the high-pressure community. Based on
density functional theory molecular dynamics, we conduct first-principles investigations on the equation of state (EOS)
and structures of four metals (Cu, Fe, Pb, and Sn) at 1.5–5 megabar conditions and 5×103–4×104 K. Our first-principles
EOS data enable evaluating the performance of four EOS models in predicting Hugoniot densities and temperatures of
the four systems. We find the melting temperature of Cu is 1000–2000 K higher and shows a similar Clapeyron slope,
in comparison to those of Fe. Our structure, coordination number, and diffusivity analysis indicates all the four liquid
metals form similar simple close-packed structures. Our results set theoretical benchmarks for EOS development and
structures of metals in their liquid states and under dynamic compression.
LLNL-PROC-783211
I. INTRODUCTION
Metallic liquids widely exist in nature at planetary interi-
ors, such as the outer part of the Earth’s core which is made
of iron-rich fluids under multi-megabar (Mbar) pressures and
thousands-Kelvin temperatures. Essentially, convection of the
conductive fluids has been generating a magnetic field that is
crucial to the planet’s habitability. Accurate understandings
of the structure, equation of state, and transport properties
of the high-pressure liquids are crucial to geophysical mod-
eling of the dynamics and chemistry and deciphering the en-
ergy budget, geomagnetism, and formation and evolution of
the planet.1
Liquid forms of matter at extreme conditions are also ubiq-
uitously generated in laboratory during shock experiments.
Typically, the temperature-pressure conditions probed in the
experiments are along the Rankine-Hugoniot curve2, which is
much steeper than the melting curve and therefore can easily
produce high-pressure liquids.
However, as a result of interplay between complexities in
atomistic and electronic structures, the study of high-pressure
liquids has posed grand challenges to both theory and ex-
periment3. Over the past few decades, experimental stud-
ies have been relying on x-ray/neutron scattering and optical
probes combined with static compression techniques, such as
those using a high-pressure vessel4, a multi-anvil press5,6, or
a diamond-anvil cell (DAC)7,8, to measure the structure and
properties of liquids under pressure. These experiments, usu-
ally performed at up to a few tens gigapascal (GPa) in pres-
sure and a few thousands Kelvin in temperature, have revealed
many interesting physics of structural and electronic phase
transitions in a wide variety of materials. For example, ev-
idences were found on the existence of liquid-liquid phase
a)Electronic mail: szha@lle.rochester.edu
b)Electronic mail: moralessilva2@llnl.gov
(LLP) transitions in single-element substances of phospho-
rus9, silicon10–13, germanium14, gallium15, nitrogen16, and
hydrogen17–20 as well as in oxides, molecules, and alloys21,22,
and on metallization in liquid selenium, sulfur, iodine, nitro-
gen, and hydrogen16,23,24.
In recent years, techniques that combine ultra-bright, high-
energy x-ray with dynamic compression have been developed
in places such as the Matter at Extreme Conditions end station
of the Linac Coherent Light Source x-ray free-electron laser25
and the Dynamic Compression Sector at Advanced Photon
Source26. These advances have enabled in situ structural de-
termination of liquids in laboratory along with equations-of-
state measurements for matter at extreme conditions.
Theoretically, a natural way of simulating materials at fi-
nite temperatures is by doing molecular dynamics (MD). In
these simulations, atoms are treated as particles that interact
with potentials in certain forms. The potentials are usually
empirical and chosen either in analytic or numerical forms (so
called “classical MD”). Classical MD approaches have shown
great usefulness in simulating materials in a temporal scale
(e.g., nanoseconds) that is close to that experienced by ma-
terials in shock compression experiments or during meteorite
impacts27. The considerable spacial scale (e.g., millions of
atoms) of classical MD simulations provides rich information
about the response of materials at high pressure and temper-
atures.28,29 However, due to the temperature and pressure de-
pendence of electronic interaction, accuracy and transferabil-
ity of the empirical potentials and reliability of the classical
MD results are typically questionable.30,31 And one has to rely
on first-principles MD32–35, such as those based on density
functional theory (DFT)36–38, in order to acquire a more pre-
cise description of the electronic interaction and properties of
materials.
As the state-of-art quantum mechanical approach for con-
densed matter studies, DFT simplifies the many-body interac-
tion in real materials into a single-particle mean field problem,
with an effective potential including an exchange-correlation
term that is subject to users’ choices in their calculation. This
has enabled accurate simulations to the electronic level that
is computationally feasible. DFT-MD has been widely used
to set theoretical benchmarks for the equation of state (EOS),
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2structures, and properties of a wide variety of materials at cold
to warm dense conditions39–49, in particular liquids in multi-
Mbar conditions. These calculations, in synergy with the on-
going experimental developments, are expected to unveil the
extreme physics of the matter and provide important inputs for
developing better potentials for large-scale MD simulations
and building reliable EOS models for hydrodynamic simula-
tions.
In this paper, we report DFT-MD simulations of four met-
als: iron (Fe), copper (Cu), lead (Pb), and tin (Sn). The
calculations are at 1.5–5 Mbar around the respective Hugo-
niot curve of the materials. The discussions are focused on
the EOS, shock Hugoniot, and the atomistic structure. We
also briefly talk about transport properties in connection to the
structural results. Our results indicate that all the four systems,
when in their liquid form and at the conditions considered in
this work, show close-packed simple structures.
II. COMPUTATIONAL DETAILS
All our MD calculations are conducted within DFT and
using the Vienna Ab-initio Simulation Package (VASP)50.
The setup of the simulations are summarized in Table I.
For simplicity, we implement the “mean-value” k point51 of
(1/4,1/4,1/4)2pi/a, where a denotes the size of the cubic
simulation cell, to sample the entire Brillouin zone. We
use the Perdew-Burke-Ernzerhof (PBE) exchange-correlation
functional, a projected augmented wave (PAW)52 pseudopo-
tential, and time steps of 1.5–5.2 fs that depend on the tem-
perature and the density.
For Fe and Cu, we start each simulation from a 128-atoms
cell constructed by 4×4×4 times the 2-atom body-centered-
cubic (bcc) unit cell. The simulations of Sn and Pb use cu-
bic cells each containing 256 atoms and starting with repre-
sentative liquid snapshots from simplified “warm-up” calcu-
lations. The setup for the “warm-up” calculations is similar to
the main, productive ones but the number of electronic bands
are smaller. This makes the calculation faster while still gen-
erating reasonable structural snapshots in the number of a few
thousands that consist the MD trajectory. The starting config-
uration for the “warm-up” calculations are 4×4×4 times the
4-atom face-centered-cubic (fcc) unit cell.
We use a Nosé thermostat53 to generate MD trajectories in
canonical (NVT , i.e., constant umber of atoms, constant vol-
ume, and constant temperature) ensembles. Each MD trajec-
tory consists 12000–20000 steps for Sn and Pb, and 1000–
8000 steps for Cu and Fe. When calculating the EOS and
analyzing the structures, we disregard the beginning 20% and
perform block averaging over the remaining part of each MD
trajectory, in order to make sure the analysis are for the system
in equilibrium. The ion kinetic contributions to the pressure
and energy are included in the EOS following an ideal gas
model. We perform convergence tests on the cell size, ba-
sis set cutoff, and k sampling point/grid, and found the EOS,
structure, and diffusivity results to be the same within the stan-
dard errorbar of our data.
Using the EOS data from the DFT-MD calculations, we
determine the pressure-density-temperature shock Hugoniot
curves. This is done via the Rankine-Hugoniot equation2
H = E −E0− (P+P0)(V0−V )/2 = 0, where (E,P,V ) and
(E0,P0,V0) denote the total internal energy, pressure, and vol-
ume of a sample under steady shock and in the initial state,
respectively. The Hugoniots that are obtained by first fitting
the EOS along each isotherm (isochore) using cubic splines
and then determining the pressure, energy, and volume (tem-
perature) conditions at which the Hugoniot equation is satis-
fied. The values for the initial energy and pressure used in this
work are summarized in Table II. We obtain these numbers by
performing DFT calculations using the ambient structure of
each metal, i.e., fcc at 8.96 g/cm3 for Cu, ferromagnetic bcc
at 7.877 g/cm3 for Fe, bcc at 11.34 g/cm3 for Pb, and β -tin at
7.287 g/cm3 for Sn. An additional bcc (fcc) structure with the
same density for Cu (Pb) was tested to check the dependence
of the Hugoniot on the initial condition.
We calculate the radial distribution function g(r) by analyz-
ing inter-atomic distances along MD trajectories. The struc-
ture factor is obtained from g(r) according to the definition
S(k) = 1+4pin
∫ ∞
0 r
2 sin(kr)
kr [g(r)−1]dr, where n is the density
in units of atoms/volume. We choose the number of bins to be
∼100 when calculating g(r) and a bin size of 0.005 Å−1 when
calculating S(k). We have tried other bin sizes and found the
g(r) and S(k) profiles are not sensitive to those variations. We
also calculate S(k) from the DFT-MD trajectories according
to its definition 〈ρ∗(k)ρ(−k)〉, where ρ(k) = ∫ exp(ik · r)dr
is the electron density, and found S(k) results obtained in the
two separate ways are consistent with each other.
III. RESULTS AND DISCUSSION
A. EOS and Hugoniot
Our first-principles EOS and Hugoniot for the four metals
are summarized in Fig. 1. We also show Hugonoits predicted
by LEOS models (LEOS 260 for Fe, LEOS 290 for Cu, LEOS
820 for Pb, and LEOS 500 for Sn) to evaluate their perfor-
mances by comparing to our DFT-MD results.
Our EOS results show that, around 1.5–5.0 Mbar, the Hugo-
niot temperatures of Pb and Sn is higher than that of Fe and
Cu. This is explained by the larger compression ratio of Pb
and Sn than Fe and Cu, which has to be compensated by a
larger increase in the internal energy according to the Hugo-
niot equation E−E0 = (P+P0)(V0−V )/2. The larger com-
pression ratio of Pb and Sn is consistent with their smaller
bulk moduli58 and larger thermal expansion coefficients59
than those of Fe and Cu.
Along the isochores, our DFT-MD data show discontinuity
in pressure at densities between 12.0–13.5 g/cm3 for Fe and
13.0–15.0 g/cm3 for Cu. This is a signature that the simula-
tion temperature is near the melting curve. We use the mean-
square displacement (MSD) as a criteria for judging whether
the system remains an equilibrium fluid, a crystalline solid
(shown with black symbols in Fig. 1), or some meta-stable
(red symbols in Fig. 1) state. This analysis gives melting tem-
peratures of Fe that are consistent with recent experiments54.
3TABLE I. Parameters chosen in our DFT-MD simulations.
Fe Cu Pb Sn
atoms/simulation cell 128 128 256 256
Ecutoff (eV) 800 800 500 400
ENMAX (eV) 267.882 295.446 97.973 103.236
rc (Bohr) 2.3 2.3 3.1 3.0
valence electrons 8 11 4 4
Pseudopotential PAW, 22Jun2005 PAW, 06Sep2000 PAW, 08Apr2002 PAW, 08Apr2002
Exchange-correlation functional PBE
k-point (1/4, 1/4, 1/4)2pi/a (a being the lattice constant of the cubic simulation cell)
 5
 10
 15
 20
 25
 30
 35
 40
 150  200  250  300  350  400  450  500
T
em
pe
ra
tu
re
 (
x1
03
 K
)
Pressure (GPa)
Fe
Cu
Pb
Sn
 150
 200
 250
 300
 350
 400
 450
 500
 1.4  1.5  1.6  1.7  1.8  1.9  2  2.1  2.2  2.3
P
re
ss
ur
e 
(G
P
a)
Compression ratio
Fe
Cu
Pb
Sn
FIG. 1. (left) Temperature-pressure and (right) pressure-compression ratio representation of the equations of state in this study. Symbols
denote the EOS data points. Solid and dashed curves are the principle Hugoniot from our first-principles calculations and LEOS models,
respectively. Black- and red-colored symbols denote simulations that show solidification and instability features respectively, according to
the analysis of the mean-square displacement. The compression ratio is with respect to the ambient density of the corresponding metal, i.e.,
7.877 g/cm3 for bcc iron, 8.96 g/cm3 for fcc copper, 11.34 g/cm3 for bcc lead, and 7.287 g/cm3 for β tin. The open circles along the Cu (Pb)
Hugoniots are Hugoniot conditions corresponding to a bcc (fcc) initial structure with the same density as that used for the fcc initial structure.
The gray shaded area in the left panel denotes the recently measured melting curve of iron in resistance-heated DAC54. The shock-wave data
for iron melting temperature scatter above the DAC curve by ∼500–1700 K55–57.
TABLE II. Initial conditions determined by DFT calculations and
used for constructing Hugoniots in this work.
Fe Cu Cu Pb Pb Sn
bcc fcc bcc bcc fcc β
ρ0 (g/cm3) 7.877 8.96 8.96 11.34 11.34 7.287
E0 (eV/atom) -8.228 -3.726 -3.688 -3.517 -3.558 -3.785
P0 (GPa) -6.60 3.73 0.52 1.91 2.15 2.58
Our results also show the melting temperature of Cu is 1000–
2000 K higher than that of Fe in the pressure range of 2–3.75
Mbar. In comparison to the comparison by Japel et al.60 at
up to 1 Mbar, our results indicate the Clapeyron slopes of
the melting curves of Fe and Cu become more similar in the
regime of 1.75–3.75 Mbar than below 1 Mbar.
In comparison to predictions by the LEOS models, our re-
sults indicate that LEOS 290 (260) predicts Cu (Fe) to be
slightly harder along the Hugoniot at pressures above 2 Mbar
and more so for Cu in the solid regime. On the contrary, LEOS
500 predicts Sn to be softer than our first-principles pre-
dictions and LEOS 820 predictions for the pressure-density
Hugoniots of Pb are very similar to our DFT-MD results. For
the temperature-pressure Hugoniot, the LEOS 500 predictions
for Sn are similar to our DFT-MD data, while LEOS 260 (290)
predictions for Fe (Cu) are higher and LEOS 820 predictions
for Pb are lower by up to 4000 K (∼40% for Fe, ∼30% for
Cu, ∼10% for Pb) in the pressure range of 2–4 Mbar.
The LEOS models are constrained by experimental Hugo-
niot data (up to 1.5-3.7 Mbar for Fe, Cu, Pb, and Sn)61 and
subject to errors due to the choice in the value of thermody-
namic properties (e..g, Debye temperature and Grüneissen pa-
rameter) in the models for ion thermal and electron thermal
(e.g., Thomas-Fermi or Purgatorio) contributions to the free
energy, in particular at pressures where no experiment is avail-
able. This could be a major reason for the differences between
the Hugoniots predicted by the LEOS models and our calcula-
tions. We note that the use of exchange-correlation functional
in DFT to approximate the electronic interaction in real mate-
rials can also contribute to the differences, because of the non-
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FIG. 2. Pair-correlation function of copper at various temperatures and densities. Different isochores (a) and isotherms (b) have been shifted
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FIG. 3. Pair-correlation function of iron at varies temperatures and densities. Different isochores (a) and isotherms (b) have been shifted apart
for clarity.
uniformity of electrons density distribution due to the differ-
ence between the more localized inner-shell orbitals and the
more extended valence and conduction states. Other factors,
such as pseudopotentials and electron relativistic effects may
also be critical when considering heavy elements62 and high
pressures. However, previous work have indicated DFT can
predict high-pressure EOS that agree remarkably well with
experiments. Examples include Cu under ramp compression
to terapascal conditions63 and the ground-state isotherm of
a wide variety of materials up to 1 Mbar64. The thousands-
Kelvin temperatures being studied are also much higher than
the typical Curie temperature of metals, therefore the electron
correlation effects could be less a problem than at the ground
state. However, detailed discussion on this is beyond the scope
of this work and will be addressed, for the case of Sn, in a sep-
arate publication65.
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FIG. 4. (left) Pair-correlation function and (right) structure factor of liquid tin at varies temperatures and densities. Different isochores (a-b)
and isotherms (c-d) have been shifted apart for clarity.
B. Atomistic structure
We characterize the atomistic structure using the radial
distribution function g(r), which reflects the local density
changes as a function of the inter-atomic distance. The g(r)
profiles of Cu at selected densities and temperatures are sum-
marized in Fig. 2. At 6000 K, the g(r) results show distinct
peak-valley structures and long-range correlations, which are
typical for a solid at high temperature and is consistent with
that expected from a bcc crystal. This provides direct evi-
dence for the stability of solid Cu at these conditions and is
consistent with the EOS discontinuity that was discussed in
the previous sub-section. Note that Cu in its ground state re-
mains an fcc structure at pressures as high as 10–23 Mbar63,
whose melting temperature, if estimated to ∼ 200 GPa based
on the measurements by Japel et al.60, is in reasonable consis-
tency with our estimated range (6000–7000 K) for the melting
temperature of the bcc structure.
At temperatures of 8000 K or higher, the overall profiles of
g(r) are similar among different isochores or isotherms: a pri-
mary peak exists at 2 Å, which is followed by a valley at 3 Å,
two additional peaks at 3.8 and 5.6 Å that become weaker
at larger distances, and a smoothly flattened tail at 6.2 Å or
greater. The primary peak has a height exceeding 2, and it
gradually decreases and broadens as temperature increases, or
increases and shifts to smaller r as density increases. Coor-
dination analysis of the liquid states indicates a coordination
number CN=4pin
∫ rvalley1
0 g(r)r
2dr=12–14 for the first shell and
the value is not clearly dependent on temperature or density,
consistent with that of a simple close-packed liquid structure.
Note that we would get CN=5–7 if using 8pin
∫ rpeak1
0 g(r)r
2dr,
which indicates that, in liquid Cu, the nearest-neighbor atoms
are pushed to larger r and the second-nearest-neighbor atoms
are pulled to smaller r relative to those in a bcc solid.
Our g(r) profiles for Fe (Fig. 3) are similar to those of Cu.
The results show a bcc solid feature at 6000 K and 13.5 g/cm3
but are simple close-packed liquid structures at all other con-
ditions shown in the diagram.
The Sn and Pb results are shown in Figs. 4 and 5. We also
present the structure factor S(k) results for Sn in Fig. 4. Sim-
ilar to the those of liquid Cu and Fe, the g(r) of Sn and Pb
also has a primary peak that corresponds to CN=12–14 (when
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integrating to the first valley) and shows similar trends with
density and temperature as those of Cu. However, the height
of the primary peak gets smaller than 2, because of the high
temperatures, and the peak positions look more similar to the
neighbor-shell positions of a fcc than bcc solid. It is notewor-
thy that these are signatures of simple close-packed metallic
liquid and do not depend on the initial structure of the sim-
ulation cell—we have compared 128- and 256-atom cells for
Sn and found the same g(r) profiles. Recent x-ray diffraction
measurements of Sn under shock compression to 90 GPa also
show liquid structures that are consistent with the DFT-MD
predictions66.
A tiny bump is observed in Fig. 4 along the S(k) profiles of
Sn at 12000 K but not at higher T . This indicates a gradual
structural transition in liquid Sn at T ≤ 12000 K. However, we
observe no clear difference between the g(r) profiles at 12000
K and those at higher temperatures, nor in the g(r) profiles of
liquid Pb at the conditions considered in this study. Whether
this is associated with LLP or electronic transition is an inter-
esting question that is beyond the scope of discussion in this
work and should be addressed in a future paper.
C. Self diffusivity
A basic transport property of a liquid is the diffusivity. This
is usually characterized by the Arrhenius relation lnD ∝ 1/T ,
where D is the self diffusion coefficient and the slop corre-
sponds to an “activation energy” Ea, which indicates the en-
ergy barrier associated with the packing efficiency of the first
shell of neighboring atoms.
We calculate the self diffusion coefficient D using the Ein-
stein relation D=MSD/6τ , where τ is the length of the simu-
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FIG. 6. Arrhenius plot of the self diffusion coefficient for four liquid
metals at varies densities.
lation in time , and plot the results for the four metals at repre-
sentative densities in Fig. 6. Our results show that, for all four
metals, diffusion is hindered when density increases or tem-
perature decreases, due to the increased packing or decreased
kinetics. The Arrhenius behavior is satisfied for all the four
liquid metals at various densities. The slope for the differ-
ent metals at different densities are similar, indicating similar
activation energy Ea and coordination environment. This is
consistent with our findings that all four metals in their liquid
form have simple close-packed structures, based on the g(r)
and CN analysis in the previous sub-section.
7IV. CONCLUSION
In this work, we report first-principles equations of state,
structures, and transport properties of four meltallic systems,
Cu, Fe, Sn, and Pb, near the Hugoniot and at 1.5–5 Mbar con-
ditions. The calculations are based on state-of-art quantum
molecular dynamics using DFT, which provides an accurate
description of the electronic interactions and significant ad-
vantageous over classical MD approaches.
Our EOS results allow estimating the melting temperature
of bcc-Cu to be 6000–8000 K at 1.5–4 Mbar, similar to that
of fcc-Cu estimated based on measurements at ≤ 1 Mbar.
The melting temperature of bcc-Fe is ∼1000–2000 K lower
than that of bcc-Cu and the Clapeyron slopes are similar, at
variance with previous observations at pressures lower than 1
Mbar.
Our predictions of the shock Hugoniot benchmark the per-
formance of EOS models for these materials. By comparing
our first-principles Hugoniots to predictions of LEOS mod-
els, we find the Sn model (LEOS 500) is softer by ∼10% but
gives reasonable temperature-pressure relation; the Pb model
(LEOS 820) gives similar pressure-density relation but the
Hugoniot temperature is lower, more so at higher pressures
with a maximum of deviation of 10% at 4 Mbar; the Fe model
(LEOS 260) and the Cu model (LEOS 290) also give simi-
lar pressure-density relations to our first-principles predictions
for the liquid, but the Hugoniot temperatures are higher by
∼30%.
Our structural analysis indicates all the four metals in the
liquid state and 1.5–5 Mbar are close-packed simple liquids,
as characterized by a maximum peak in g(r) at 2–3 Å that
decreases both in distance and height with temperature and
decreases in distance but increases in height with density, and
correspond to a coordination number of 12–14.
The self diffusion coefficient show good Arrhenius behav-
ior with respect to temperature and indicate similar activation
energy among the four different liquid metals, re-affirming
that they form simple close-packed structures at the multi-
Mbar conditions.
V. APPENDIX
The equation of state data for Fe, Cu, Pb, and Sn at
megabar pressures calculated using DFTMD and reported in
this manuscript are listed in the Table III.
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ρ T E Eerror P Perror note
(g/cm3) (K) (eV/atom) (eV/atom) (GPa) (GPa)
11.50 5000.00 -5.329891 0.002587 183.4108 0.0884 Fe, liq.
11.50 6000.00 -4.920986 0.003193 194.5701 0.1088 Fe, liq.
11.50 7000.00 -4.515845 0.005111 205.2158 0.2033 Fe, liq.
11.50 8000.00 -4.103636 0.004204 215.7905 0.1613 Fe, liq.
11.50 9000.00 -3.701556 0.003636 225.8689 0.1605 Fe, liq.
11.50 10000.00 -3.298742 0.005060 235.6782 0.1913 Fe, liq.
11.50 11000.00 -2.883125 0.006070 245.7125 0.2170 Fe, liq.
11.50 12000.00 -2.481925 0.007336 254.9459 0.3142 Fe, liq.
12.00 6000.00 -4.621283 0.005232 230.8065 0.1959 Fe, liq.
12.00 7000.00 -4.207331 0.005723 242.0172 0.2255 Fe, liq.
12.00 8000.00 -3.795274 0.003834 252.8390 0.1497 Fe, liq.
12.00 9000.00 -3.381674 0.004511 263.4879 0.1996 Fe, liq.
12.00 10000.00 -2.970353 0.005461 273.8140 0.2080 Fe, liq.
12.00 11000.00 -2.564701 0.007380 283.7254 0.2975 Fe, liq.
12.00 12000.00 -2.146736 0.004791 293.9316 0.2175 Fe, liq.
12.50 6000.00 -4.278268 0.004147 270.7420 0.1714 Fe, liq.
12.50 7000.00 -3.851087 0.003717 282.5037 0.1414 Fe, liq.
12.50 8000.00 -3.429263 0.003986 293.9237 0.1489 Fe, liq.
12.50 9000.00 -3.027538 0.004318 304.3220 0.1791 Fe, liq.
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12.50 10000.00 -2.609267 0.004354 315.1017 0.1528 Fe, liq.
12.50 11000.00 -2.209792 0.006523 324.9948 0.2362 Fe, liq.
12.50 12000.00 -1.772056 0.006011 336.1317 0.2284 Fe, liq.
13.00 7000.00 -3.446895 0.006202 326.8339 0.2208 Fe, liq.
13.00 8000.00 -3.027860 0.004445 338.2889 0.1530 Fe, liq.
13.00 9000.00 -2.612184 0.004794 349.2825 0.1808 Fe, liq.
13.00 10000.00 -2.197207 0.006100 360.0585 0.2116 Fe, liq.
13.00 11000.00 -1.784707 0.008972 370.7469 0.3188 Fe, liq.
13.00 12000.00 -1.363271 0.008094 381.3199 0.3078 Fe, liq.
13.50 7000.00 -3.014449 0.004688 374.5179 0.1422 Fe, liq.
13.50 8000.00 -2.587004 0.004704 386.2468 0.1585 Fe, liq.
13.50 9000.00 -2.163159 0.004989 397.6389 0.1818 Fe, liq.
13.50 10000.00 -1.741604 0.005778 408.7730 0.1728 Fe, liq.
13.50 11000.00 -1.322616 0.005352 419.7924 0.1904 Fe, liq.
13.50 12000.00 -0.910728 0.009000 430.1242 0.3318 Fe, liq.
13.00 7000.00 -0.094671 0.005753 219.5882 0.2648 Cu, liq.
13.00 8000.00 0.250756 0.004860 228.5770 0.2256 Cu, liq.
13.00 9000.00 0.604556 0.011443 237.6012 0.5142 Cu, liq.
13.00 10000.00 0.953658 0.007691 246.0420 0.3147 Cu, liq.
13.00 11000.00 1.308474 0.011894 254.1927 0.5089 Cu, liq.
13.00 12000.00 1.678023 0.010215 262.9623 0.4646 Cu, liq.
13.50 8000.00 0.593897 0.007870 262.2252 0.3600 Cu, liq.
13.50 9000.00 0.907804 0.011270 269.7825 0.4953 Cu, liq.
13.50 10000.00 1.275812 0.009172 279.2658 0.4176 Cu, liq.
13.50 11000.00 1.643082 0.007316 288.5774 0.3325 Cu, liq.
13.50 12000.00 2.006104 0.007170 297.0766 0.3059 Cu, liq.
14.00 7000.00 0.555745 0.012347 286.2523 0.5951 Cu, liq.
14.00 8000.00 0.931516 0.008220 297.2385 0.3800 Cu, liq.
14.00 9000.00 1.287103 0.006000 306.9231 0.2912 Cu, liq.
14.00 10000.00 1.619758 0.006150 315.1948 0.2592 Cu, liq.
14.00 11000.00 1.994450 0.004867 325.1881 0.2511 Cu, liq.
14.00 12000.00 2.362595 0.008414 334.3163 0.3084 Cu, liq.
14.50 8000.00 1.323379 0.006499 336.3662 0.2654 Cu, liq.
14.50 9000.00 1.652881 0.009508 345.2224 0.4266 Cu, liq.
14.50 10000.00 2.033146 0.008177 356.0007 0.3656 Cu, liq.
14.50 11000.00 2.369111 0.014834 364.4996 0.7063 Cu, liq.
14.50 12000.00 2.767980 0.014097 375.3226 0.5558 Cu, liq.
15.00 8000.00 1.737100 0.009891 378.2839 0.4569 Cu, liq.
15.00 9000.00 2.079838 0.008010 388.0854 0.3715 Cu, liq.
15.00 10000.00 2.461830 0.008849 399.1470 0.4100 Cu, liq.
15.00 11000.00 2.808712 0.012853 408.1596 0.5929 Cu, liq.
15.00 12000.00 3.162047 0.007711 417.4906 0.3758 Cu, liq.
21.50 12000.00 4.257651 0.006685 202.9974 0.1381 Pb, liq.
21.50 13000.00 4.593085 0.005323 206.4020 0.1151 Pb, liq.
21.50 14000.00 4.945054 0.005929 209.9948 0.1205 Pb, liq.
21.50 15000.00 5.285054 0.009325 213.1366 0.1966 Pb, liq.
21.50 16000.00 5.660475 0.006324 216.8797 0.1307 Pb, liq.
21.50 17000.00 6.029187 0.010200 220.2663 0.2099 Pb, liq.
21.50 18000.00 6.401480 0.009620 223.5672 0.1963 Pb, liq.
21.50 19000.00 6.784173 0.011451 226.8480 0.2311 Pb, liq.
21.50 20000.00 7.206125 0.012264 230.7629 0.2415 Pb, liq.
21.50 21000.00 7.591985 0.014902 233.8311 0.3090 Pb, liq.
21.50 22000.00 8.016126 0.014176 237.4104 0.2885 Pb, liq.
21.50 23000.00 8.427134 0.013593 240.5180 0.2667 Pb, liq.
21.50 24000.00 8.858081 0.016250 243.8413 0.3218 Pb, liq.
21.50 25000.00 9.296254 0.015371 247.1688 0.2807 Pb, liq.
21.50 26000.00 9.735717 0.014271 250.3447 0.2676 Pb, liq.
21.50 27000.00 10.188634 0.017904 253.5865 0.3391 Pb, liq.
21.50 28000.00 10.617116 0.017677 256.1325 0.3464 Pb, liq.
21.50 29000.00 11.135861 0.011727 260.2429 0.2414 Pb, liq.
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21.50 30000.00 11.575125 0.022351 262.7635 0.3809 Pb, liq.
21.50 31000.00 12.111450 0.021588 266.8734 0.3819 Pb, liq.
21.50 32000.00 12.559619 0.014196 269.1354 0.2701 Pb, liq.
21.50 33000.00 13.095212 0.031285 272.9958 0.5719 Pb, liq.
21.50 34000.00 13.534431 0.036653 274.7562 0.6554 Pb, liq.
21.50 35000.00 14.121419 0.026019 279.1447 0.4353 Pb, liq.
21.50 36000.00 14.691167 0.014942 282.9355 0.2412 Pb, liq.
21.50 37000.00 15.173474 0.020574 285.0601 0.3205 Pb, liq.
21.50 38000.00 15.755867 0.022269 289.1426 0.4191 Pb, liq.
21.50 39000.00 16.244750 0.031502 290.9869 0.5099 Pb, liq.
21.50 40000.00 16.865688 0.037695 295.5124 0.6132 Pb, liq.
22.00 12000.00 4.611033 0.009053 217.7433 0.1926 Pb, liq.
22.00 13000.00 4.978210 0.011388 221.8917 0.2391 Pb, liq.
22.00 14000.00 5.318470 0.006679 225.2655 0.1482 Pb, liq.
22.00 15000.00 5.680725 0.005907 228.9417 0.1195 Pb, liq.
22.00 16000.00 6.053077 0.007369 232.6261 0.1521 Pb, liq.
22.00 17000.00 6.415140 0.010300 235.9268 0.2134 Pb, liq.
22.00 18000.00 6.783079 0.006243 239.1802 0.1449 Pb, liq.
22.00 19000.00 7.167708 0.016128 242.5790 0.3350 Pb, liq.
22.00 20000.00 7.586762 0.010802 246.4759 0.2123 Pb, liq.
22.00 21000.00 7.968525 0.015040 249.4381 0.3062 Pb, liq.
22.00 22000.00 8.383054 0.017405 252.8915 0.3474 Pb, liq.
22.00 23000.00 8.861280 0.014526 257.4086 0.2816 Pb, liq.
22.00 24000.00 9.204072 0.015281 259.0350 0.2979 Pb, liq.
22.00 25000.00 9.673726 0.013113 262.9418 0.2562 Pb, liq.
22.00 26000.00 10.069328 0.014764 265.2739 0.2629 Pb, liq.
22.00 27000.00 10.573473 0.026614 269.6616 0.5228 Pb, liq.
22.00 28000.00 11.029983 0.022702 272.7825 0.4140 Pb, liq.
22.00 29000.00 11.517111 0.018485 276.4197 0.3382 Pb, liq.
22.00 30000.00 11.987782 0.020226 279.3949 0.3193 Pb, liq.
22.00 31000.00 12.487005 0.030453 282.8386 0.5397 Pb, liq.
22.00 32000.00 13.005971 0.017042 286.6330 0.3123 Pb, liq.
22.00 33000.00 13.537500 0.023877 290.2181 0.4339 Pb, liq.
22.00 34000.00 13.966346 0.034062 292.0267 0.6287 Pb, liq.
22.00 35000.00 14.534687 0.029837 296.1972 0.5384 Pb, liq.
22.00 36000.00 15.103571 0.018071 299.9891 0.3192 Pb, liq.
22.00 37000.00 15.625405 0.032393 303.0878 0.5997 Pb, liq.
22.00 38000.00 16.105066 0.041879 304.9725 0.6976 Pb, liq.
22.00 39000.00 16.596029 0.033239 307.1166 0.6096 Pb, liq.
22.00 40000.00 17.224267 0.031250 311.4705 0.4517 Pb, liq.
22.50 12000.00 5.006481 0.010033 233.8160 0.2146 Pb, liq.
22.50 13000.00 5.358934 0.004834 237.6836 0.1053 Pb, liq.
22.50 14000.00 5.727071 0.009091 241.7219 0.1994 Pb, liq.
22.50 15000.00 6.073118 0.007303 245.0803 0.1567 Pb, liq.
22.50 16000.00 6.435943 0.007845 248.6721 0.1631 Pb, liq.
22.50 17000.00 6.816889 0.011017 252.3922 0.2195 Pb, liq.
22.50 18000.00 7.212443 0.009612 256.2041 0.2135 Pb, liq.
22.50 19000.00 7.590197 0.011030 259.4787 0.2255 Pb, liq.
22.50 20000.00 7.999462 0.011043 263.2201 0.2216 Pb, liq.
22.50 21000.00 8.367667 0.013200 266.0041 0.2820 Pb, liq.
22.50 22000.00 8.760112 0.010412 269.0053 0.2191 Pb, liq.
22.50 23000.00 9.212213 0.017192 273.0462 0.3505 Pb, liq.
22.50 24000.00 9.641598 0.015722 276.4077 0.3094 Pb, liq.
22.50 25000.00 10.094143 0.021065 280.0975 0.4153 Pb, liq.
22.50 26000.00 10.532394 0.013607 283.2828 0.2493 Pb, liq.
22.50 27000.00 11.018215 0.022790 287.1011 0.4301 Pb, liq.
22.50 28000.00 11.408367 0.015986 289.1972 0.3036 Pb, liq.
22.50 29000.00 11.942074 0.024099 293.6437 0.4643 Pb, liq.
22.50 30000.00 12.361293 0.021590 295.8724 0.4140 Pb, liq.
22.50 31000.00 12.838036 0.018176 298.9626 0.3371 Pb, liq.
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22.50 32000.00 13.472163 0.024795 304.5149 0.4305 Pb, liq.
22.50 33000.00 13.890761 0.023800 306.3293 0.3991 Pb, liq.
22.50 34000.00 14.433232 0.030327 310.1224 0.5748 Pb, liq.
22.50 35000.00 14.916572 0.036915 312.7340 0.6825 Pb, liq.
22.50 36000.00 15.404848 0.024736 315.1531 0.4267 Pb, liq.
22.50 37000.00 16.000122 0.042736 319.5569 0.7313 Pb, liq.
22.50 38000.00 16.547979 0.027121 322.7578 0.4654 Pb, liq.
22.50 39000.00 17.054990 0.053969 325.2672 0.8815 Pb, liq.
22.50 40000.00 17.639297 0.049391 329.0298 0.8247 Pb, liq.
23.00 12000.00 5.398889 0.007668 250.2825 0.1693 Pb, liq.
23.00 13000.00 5.771459 0.008180 254.6444 0.1748 Pb, liq.
23.00 14000.00 6.113699 0.010408 258.1522 0.2249 Pb, liq.
23.00 15000.00 6.478070 0.009076 261.9664 0.2011 Pb, liq.
23.00 16000.00 6.883011 0.010785 266.4058 0.2361 Pb, liq.
23.00 17000.00 7.208523 0.009921 269.0117 0.2127 Pb, liq.
23.00 18000.00 7.605003 0.014604 272.9327 0.3070 Pb, liq.
23.00 19000.00 8.009378 0.014481 276.7311 0.2931 Pb, liq.
23.00 20000.00 8.372145 0.018067 279.5946 0.3853 Pb, liq.
23.00 21000.00 8.811422 0.014834 283.7417 0.2960 Pb, liq.
23.00 22000.00 9.222150 0.010855 287.2735 0.2074 Pb, liq.
23.00 23000.00 9.660186 0.015945 291.0011 0.3206 Pb, liq.
23.00 24000.00 10.095103 0.025938 294.5880 0.5160 Pb, liq.
23.00 25000.00 10.492560 0.011397 297.1618 0.2385 Pb, liq.
23.00 26000.00 10.980228 0.013069 301.3481 0.2724 Pb, liq.
23.00 27000.00 11.400238 0.012154 304.0059 0.2385 Pb, liq.
23.00 28000.00 11.849102 0.031724 307.1553 0.6097 Pb, liq.
23.00 29000.00 12.386978 0.026667 311.8047 0.4909 Pb, liq.
23.00 30000.00 12.834747 0.026109 314.4806 0.5123 Pb, liq.
23.00 31000.00 13.331368 0.030306 317.9744 0.5252 Pb, liq.
23.00 32000.00 13.811607 0.029431 321.0224 0.5352 Pb, liq.
23.00 33000.00 14.346605 0.021720 324.6748 0.4092 Pb, liq.
23.00 34000.00 14.883307 0.048249 328.3880 0.8764 Pb, liq.
23.00 35000.00 15.402465 0.027038 331.7019 0.4878 Pb, liq.
23.00 36000.00 15.947679 0.018469 335.2384 0.3709 Pb, liq.
23.00 37000.00 16.418044 0.034460 337.4895 0.6233 Pb, liq.
23.00 38000.00 17.050227 0.031156 342.1625 0.5614 Pb, liq.
23.00 39000.00 17.591484 0.041252 345.1954 0.6635 Pb, liq.
23.00 40000.00 18.093782 0.038055 347.7126 0.7025 Pb, liq.
23.50 12000.00 5.832144 0.005531 268.0944 0.1254 Pb, liq.
23.50 13000.00 6.180798 0.006871 271.9304 0.1588 Pb, liq.
23.50 14000.00 6.538166 0.008161 275.8477 0.1774 Pb, liq.
23.50 15000.00 6.909544 0.007755 279.7826 0.1725 Pb, liq.
23.50 16000.00 7.290022 0.009572 283.8429 0.1983 Pb, liq.
23.50 17000.00 7.665382 0.008759 287.4973 0.1953 Pb, liq.
23.50 18000.00 8.031079 0.011217 290.7358 0.2367 Pb, liq.
23.50 19000.00 8.430870 0.011508 294.6016 0.2473 Pb, liq.
23.50 20000.00 8.819532 0.009067 297.9767 0.2013 Pb, liq.
23.50 21000.00 9.249486 0.014700 302.0242 0.3059 Pb, liq.
23.50 22000.00 9.637950 0.021856 304.9350 0.4447 Pb, liq.
23.50 23000.00 10.081183 0.012460 308.8989 0.2601 Pb, liq.
23.50 24000.00 10.491432 0.018280 311.9396 0.3935 Pb, liq.
23.50 25000.00 10.954583 0.020738 315.8305 0.4058 Pb, liq.
23.50 26000.00 11.385390 0.022724 318.9958 0.4348 Pb, liq.
23.50 27000.00 11.863082 0.021520 322.8793 0.4096 Pb, liq.
23.50 28000.00 12.361370 0.020494 326.7929 0.4111 Pb, liq.
23.50 29000.00 12.824273 0.023357 330.0564 0.4726 Pb, liq.
23.50 30000.00 13.331946 0.020190 333.9911 0.3730 Pb, liq.
23.50 31000.00 13.739021 0.018793 335.6686 0.3464 Pb, liq.
23.50 32000.00 14.214167 0.025032 338.6296 0.4839 Pb, liq.
23.50 33000.00 14.762019 0.024041 342.6939 0.4621 Pb, liq.
continued . . .
12
. . . continued
ρ T E Eerror P Perror note
(g/cm3) (K) (eV/atom) (eV/atom) (GPa) (GPa)
23.50 34000.00 15.289450 0.030857 346.4947 0.5651 Pb, liq.
23.50 35000.00 15.781956 0.009450 348.9637 0.1623 Pb, liq.
23.50 36000.00 16.273090 0.038631 351.7942 0.6428 Pb, liq.
23.50 37000.00 16.923880 0.037706 357.0699 0.6964 Pb, liq.
23.50 38000.00 17.362780 0.039223 358.8745 0.7262 Pb, liq.
23.50 39000.00 17.994660 0.034341 363.4945 0.6068 Pb, liq.
23.50 40000.00 18.487140 0.035423 365.6236 0.6121 Pb, liq.
24.00 12000.00 6.252190 0.004265 286.0798 0.0969 Pb, liq.
24.00 13000.00 6.638542 0.007437 290.8181 0.1682 Pb, liq.
24.00 14000.00 6.978849 0.009991 294.3676 0.2224 Pb, liq.
24.00 15000.00 7.362684 0.013450 298.5988 0.2846 Pb, liq.
24.00 16000.00 7.703163 0.009122 301.7878 0.1938 Pb, liq.
24.00 17000.00 8.105230 0.008967 306.0561 0.2058 Pb, liq.
24.00 18000.00 8.477045 0.011451 309.4686 0.2499 Pb, liq.
24.00 19000.00 8.872989 0.012443 313.2179 0.2583 Pb, liq.
24.00 20000.00 9.262678 0.017026 316.7121 0.3609 Pb, liq.
24.00 21000.00 9.684660 0.010998 320.6182 0.2385 Pb, liq.
24.00 22000.00 10.096159 0.015757 324.0527 0.3334 Pb, liq.
24.00 23000.00 10.568438 0.015721 328.5545 0.3075 Pb, liq.
24.00 24000.00 10.953062 0.017337 331.1240 0.3506 Pb, liq.
24.00 25000.00 11.394550 0.022082 334.6163 0.4446 Pb, liq.
24.00 26000.00 11.867845 0.026151 338.5821 0.5265 Pb, liq.
24.00 27000.00 12.303087 0.028469 341.6719 0.5782 Pb, liq.
24.00 28000.00 12.735801 0.027137 344.4556 0.5263 Pb, liq.
24.00 29000.00 13.214548 0.026134 347.9928 0.5026 Pb, liq.
24.00 30000.00 13.724821 0.037978 351.9581 0.7332 Pb, liq.
24.00 31000.00 14.192517 0.029761 354.7900 0.5702 Pb, liq.
24.00 32000.00 14.723966 0.029439 358.8342 0.5753 Pb, liq.
24.00 33000.00 15.176981 0.021530 361.2086 0.3713 Pb, liq.
24.00 34000.00 15.754196 0.029879 365.7724 0.5656 Pb, liq.
24.00 35000.00 16.288647 0.017777 369.1717 0.3546 Pb, liq.
24.00 36000.00 16.733197 0.029029 371.1834 0.4948 Pb, liq.
24.00 37000.00 17.267725 0.036622 374.4690 0.6659 Pb, liq.
24.00 38000.00 17.875098 0.037422 378.8908 0.6571 Pb, liq.
24.00 39000.00 18.450022 0.040227 382.4296 0.6126 Pb, liq.
24.00 40000.00 19.070812 0.051382 386.8146 0.8438 Pb, liq.
24.50 12000.00 6.719278 0.007295 305.5160 0.1544 Pb, liq.
24.50 13000.00 7.092026 0.008428 310.0063 0.1912 Pb, liq.
24.50 14000.00 7.424676 0.010340 313.4049 0.2294 Pb, liq.
24.50 15000.00 7.812095 0.009309 317.8076 0.2108 Pb, liq.
24.50 16000.00 8.161333 0.009410 321.1600 0.2081 Pb, liq.
24.50 17000.00 8.565689 0.008074 325.4994 0.1758 Pb, liq.
24.50 18000.00 8.948216 0.010297 329.1919 0.2178 Pb, liq.
24.50 19000.00 9.356696 0.012924 333.2328 0.2675 Pb, liq.
24.50 20000.00 9.717373 0.010895 336.0399 0.2434 Pb, liq.
24.50 21000.00 10.123907 0.012856 339.6522 0.2742 Pb, liq.
24.50 22000.00 10.563665 0.014524 343.7016 0.3111 Pb, liq.
24.50 23000.00 10.977978 0.026835 347.0965 0.5430 Pb, liq.
24.50 24000.00 11.438500 0.018847 351.1038 0.4027 Pb, liq.
24.50 25000.00 11.864180 0.016290 354.3838 0.3367 Pb, liq.
24.50 26000.00 12.316150 0.017091 357.9906 0.3467 Pb, liq.
24.50 27000.00 12.803266 0.023266 362.0321 0.4734 Pb, liq.
24.50 28000.00 13.229098 0.033116 364.7328 0.6705 Pb, liq.
24.50 29000.00 13.744248 0.018943 368.9204 0.3439 Pb, liq.
24.50 30000.00 14.232734 0.033131 372.4987 0.6298 Pb, liq.
24.50 31000.00 14.658654 0.029925 374.6456 0.5526 Pb, liq.
24.50 32000.00 15.205203 0.032315 378.7812 0.6225 Pb, liq.
24.50 33000.00 15.653630 0.036436 381.0634 0.6804 Pb, liq.
24.50 34000.00 16.141745 0.033100 384.0961 0.6372 Pb, liq.
24.50 35000.00 16.735495 0.033580 388.8458 0.6250 Pb, liq.
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24.50 36000.00 17.241169 0.028554 391.7941 0.5340 Pb, liq.
24.50 37000.00 17.793055 0.035598 395.2445 0.6415 Pb, liq.
24.50 38000.00 18.277036 0.036869 397.6534 0.6424 Pb, liq.
24.50 39000.00 18.825018 0.029831 401.0589 0.5223 Pb, liq.
24.50 40000.00 19.555848 0.048330 407.1940 0.8745 Pb, liq.
25.00 12000.00 7.190824 0.010384 325.6019 0.2310 Pb, liq.
25.00 13000.00 7.558091 0.007640 329.9873 0.1721 Pb, liq.
25.00 14000.00 7.908311 0.006665 333.7750 0.1580 Pb, liq.
25.00 15000.00 8.263016 0.008336 337.4595 0.1842 Pb, liq.
25.00 16000.00 8.646922 0.007200 341.6022 0.1623 Pb, liq.
25.00 17000.00 9.034660 0.010107 345.6267 0.2155 Pb, liq.
25.00 18000.00 9.426087 0.015190 349.5497 0.3210 Pb, liq.
25.00 19000.00 9.815375 0.013985 353.0994 0.2923 Pb, liq.
25.00 20000.00 10.248660 0.009609 357.5820 0.2045 Pb, liq.
25.00 21000.00 10.614297 0.017890 360.2937 0.3750 Pb, liq.
25.00 22000.00 11.050021 0.011951 364.2386 0.2612 Pb, liq.
25.00 23000.00 11.472756 0.016128 367.7255 0.3217 Pb, liq.
25.00 24000.00 11.922769 0.020282 371.6892 0.4373 Pb, liq.
25.00 25000.00 12.341566 0.022126 374.7731 0.4495 Pb, liq.
25.00 26000.00 12.807641 0.018845 378.6436 0.3810 Pb, liq.
25.00 27000.00 13.230108 0.017447 381.4993 0.3610 Pb, liq.
25.00 28000.00 13.716568 0.026682 385.2313 0.4699 Pb, liq.
25.00 29000.00 14.193074 0.021583 388.6847 0.4239 Pb, liq.
25.00 30000.00 14.695771 0.029721 392.7578 0.5822 Pb, liq.
25.00 31000.00 15.217316 0.025881 396.5626 0.4945 Pb, liq.
25.00 32000.00 15.673535 0.015284 399.1824 0.3091 Pb, liq.
25.00 33000.00 16.170282 0.034556 402.4882 0.5952 Pb, liq.
25.00 34000.00 16.719597 0.026103 406.5938 0.5091 Pb, liq.
25.00 35000.00 17.270099 0.045282 410.3401 0.7427 Pb, liq.
25.00 36000.00 17.749282 0.023478 412.7131 0.4413 Pb, liq.
25.00 37000.00 18.339882 0.039472 416.9052 0.6760 Pb, liq.
25.00 38000.00 18.865165 0.031569 419.8781 0.5475 Pb, liq.
25.00 39000.00 19.415630 0.029216 422.9778 0.4946 Pb, liq.
25.00 40000.00 19.937413 0.050677 426.1921 0.7729 Pb, liq.
13.50 12000.00 3.460350 0.009666 209.4937 0.2492 Sn, liq.
13.50 13000.00 3.783102 0.013804 213.1680 0.3498 Sn, liq.
13.50 14000.00 4.102613 0.019125 216.6174 0.4696 Sn, liq.
13.50 15000.00 4.493744 0.021180 221.6782 0.5389 Sn, liq.
13.50 16000.00 4.817294 0.019328 224.8442 0.4661 Sn, liq.
13.50 17000.00 5.209212 0.019538 229.5568 0.4929 Sn, liq.
13.50 18000.00 5.569239 0.015536 233.3277 0.3840 Sn, liq.
13.50 19000.00 5.952242 0.020897 237.3865 0.5110 Sn, liq.
13.50 20000.00 6.355108 0.024313 241.6333 0.5232 Sn, liq.
13.50 21000.00 6.736175 0.013541 245.5174 0.3389 Sn, liq.
13.50 22000.00 7.077196 0.022843 248.0733 0.5275 Sn, liq.
13.50 23000.00 7.494393 0.013946 252.3143 0.3367 Sn, liq.
13.50 24000.00 7.890887 0.013547 255.8942 0.3439 Sn, liq.
13.50 25000.00 8.310200 0.016070 259.8280 0.3939 Sn, liq.
13.50 26000.00 8.751966 0.023433 263.9896 0.5522 Sn, liq.
13.50 27000.00 9.208049 0.026346 268.4615 0.6288 Sn, liq.
13.50 28000.00 9.650739 0.023145 272.4538 0.5555 Sn, liq.
13.50 29000.00 10.067999 0.016308 275.7476 0.3744 Sn, liq.
13.50 30000.00 10.548077 0.011604 280.1976 0.2792 Sn, liq.
13.50 31000.00 11.009590 0.018451 284.1542 0.4378 Sn, liq.
13.50 32000.00 11.478493 0.029895 288.0640 0.6972 Sn, liq.
13.50 33000.00 11.935490 0.031608 291.5904 0.7116 Sn, liq.
13.50 34000.00 12.426584 0.037159 295.5728 0.8106 Sn, liq.
13.50 35000.00 12.964026 0.026347 300.5656 0.5936 Sn, liq.
13.50 36000.00 13.410489 0.025393 303.7318 0.5550 Sn, liq.
13.50 37000.00 13.956127 0.032009 308.5460 0.6923 Sn, liq.
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13.50 38000.00 14.411554 0.034617 311.4180 0.7603 Sn, liq.
13.50 39000.00 14.942162 0.045336 315.4870 0.9486 Sn, liq.
13.50 40000.00 15.437769 0.055283 318.7876 1.1464 Sn, liq.
14.00 12000.00 4.004563 0.016634 234.7933 0.4267 Sn, liq.
14.00 13000.00 4.315310 0.013553 238.2860 0.3455 Sn, liq.
14.00 14000.00 4.695794 0.009232 243.4156 0.2558 Sn, liq.
14.00 15000.00 5.038390 0.013430 247.4103 0.3528 Sn, liq.
14.00 16000.00 5.407331 0.015364 251.8002 0.4016 Sn, liq.
14.00 17000.00 5.768437 0.018984 255.8251 0.4818 Sn, liq.
14.00 18000.00 6.078026 0.020213 258.4744 0.5064 Sn, liq.
14.00 19000.00 6.526024 0.015287 264.3012 0.3753 Sn, liq.
14.00 20000.00 6.902111 0.032592 268.3570 0.7962 Sn, liq.
14.00 21000.00 7.295322 0.024778 272.2794 0.6038 Sn, liq.
14.00 22000.00 7.722801 0.018860 277.1716 0.4876 Sn, liq.
14.00 23000.00 8.072746 0.022101 279.8514 0.5296 Sn, liq.
14.00 24000.00 8.528633 0.017606 284.9320 0.4117 Sn, liq.
14.00 25000.00 8.922798 0.025345 288.2389 0.5900 Sn, liq.
14.00 26000.00 9.341264 0.015144 292.3808 0.3643 Sn, liq.
14.00 27000.00 9.790005 0.020808 296.7193 0.5121 Sn, liq.
14.00 28000.00 10.212521 0.020145 300.2945 0.4806 Sn, liq.
14.00 29000.00 10.678831 0.013619 304.8531 0.2950 Sn, liq.
14.00 30000.00 11.133687 0.025237 308.9744 0.5331 Sn, liq.
14.00 31000.00 11.559503 0.019524 311.8089 0.4861 Sn, liq.
14.00 32000.00 12.041797 0.024809 316.3565 0.5625 Sn, liq.
14.00 33000.00 12.481815 0.017466 319.6708 0.3794 Sn, liq.
14.00 34000.00 13.042225 0.025816 325.6239 0.5487 Sn, liq.
14.00 35000.00 13.490160 0.026697 328.8127 0.5942 Sn, liq.
14.00 36000.00 13.976973 0.023784 332.5400 0.5074 Sn, liq.
14.00 37000.00 14.470441 0.045255 336.5893 1.0513 Sn, liq.
14.00 38000.00 15.013894 0.031595 341.2415 0.7168 Sn, liq.
14.00 39000.00 15.461843 0.063489 344.0139 1.4318 Sn, liq.
14.00 40000.00 16.045896 0.042029 349.8404 0.9842 Sn, liq.
14.50 12000.00 4.582912 0.007015 262.1011 0.1886 Sn, liq.
14.50 13000.00 4.937393 0.017456 266.8270 0.4647 Sn, liq.
14.50 14000.00 5.292630 0.011201 271.4652 0.2945 Sn, liq.
14.50 15000.00 5.645561 0.009642 275.8260 0.2559 Sn, liq.
14.50 16000.00 6.016510 0.014799 280.4525 0.3866 Sn, liq.
14.50 17000.00 6.316768 0.021216 283.0690 0.5591 Sn, liq.
14.50 18000.00 6.730226 0.014224 288.4337 0.3641 Sn, liq.
14.50 19000.00 7.132308 0.020820 293.2898 0.5243 Sn, liq.
14.50 20000.00 7.536297 0.013867 297.9617 0.3677 Sn, liq.
14.50 21000.00 7.933773 0.021921 302.2864 0.5628 Sn, liq.
14.50 22000.00 8.335195 0.019873 306.5897 0.5011 Sn, liq.
14.50 23000.00 8.683242 0.013042 309.3775 0.3075 Sn, liq.
14.50 24000.00 9.102184 0.012355 313.5723 0.3428 Sn, liq.
14.50 25000.00 9.565255 0.021404 319.0003 0.5468 Sn, liq.
14.50 26000.00 9.964053 0.015277 322.4767 0.3925 Sn, liq.
14.50 27000.00 10.408139 0.019740 326.8830 0.4950 Sn, liq.
14.50 28000.00 10.840036 0.017365 330.8232 0.4325 Sn, liq.
14.50 29000.00 11.218068 0.027258 333.4370 0.6788 Sn, liq.
14.50 30000.00 11.720276 0.030036 338.5723 0.7006 Sn, liq.
14.50 31000.00 12.165622 0.043037 342.4442 1.0157 Sn, liq.
14.50 32000.00 12.667698 0.023781 347.5370 0.5507 Sn, liq.
14.50 33000.00 13.082951 0.026961 350.2787 0.6444 Sn, liq.
14.50 34000.00 13.559696 0.035368 354.6054 0.8685 Sn, liq.
14.50 35000.00 14.096980 0.028031 359.5290 0.7128 Sn, liq.
14.50 36000.00 14.589731 0.044928 363.9389 1.0866 Sn, liq.
14.50 37000.00 15.048731 0.032162 367.2713 0.7033 Sn, liq.
14.50 38000.00 15.550744 0.035261 371.2555 0.7974 Sn, liq.
14.50 39000.00 16.084960 0.059644 375.9744 1.3244 Sn, liq.
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14.50 40000.00 16.654874 0.033684 381.2377 0.7290 Sn, liq.
15.00 12000.00 5.239390 0.013665 292.6380 0.3456 Sn, liq.
15.00 13000.00 5.556495 0.011242 296.5354 0.3298 Sn, liq.
15.00 14000.00 5.930396 0.017716 301.7407 0.4907 Sn, liq.
15.00 15000.00 6.284514 0.017718 306.2174 0.4901 Sn, liq.
15.00 16000.00 6.602185 0.013503 309.5318 0.3505 Sn, liq.
15.00 17000.00 7.029032 0.014551 315.5346 0.3659 Sn, liq.
15.00 18000.00 7.357669 0.020777 318.9022 0.5440 Sn, liq.
15.00 19000.00 7.719538 0.026584 322.8074 0.6786 Sn, liq.
15.00 20000.00 8.196538 0.026469 329.5572 0.6880 Sn, liq.
15.00 21000.00 8.578672 0.027176 333.7037 0.7112 Sn, liq.
15.00 22000.00 8.933430 0.029838 336.8847 0.7391 Sn, liq.
15.00 23000.00 9.310148 0.020309 340.2428 0.5301 Sn, liq.
15.00 24000.00 9.753736 0.012579 345.4284 0.3228 Sn, liq.
15.00 25000.00 10.163655 0.016098 349.5021 0.4071 Sn, liq.
15.00 26000.00 10.561555 0.016104 353.2210 0.3813 Sn, liq.
15.00 27000.00 11.014396 0.019411 358.0155 0.4858 Sn, liq.
15.00 28000.00 11.416771 0.023859 361.2947 0.6106 Sn, liq.
15.00 29000.00 11.935960 0.018195 367.3782 0.4574 Sn, liq.
15.00 30000.00 12.363566 0.025636 371.0630 0.6492 Sn, liq.
15.00 31000.00 12.866755 0.028633 376.3065 0.7265 Sn, liq.
15.00 32000.00 13.375874 0.033752 381.5801 0.7584 Sn, liq.
15.00 33000.00 13.796051 0.018316 384.6439 0.4619 Sn, liq.
15.00 34000.00 14.271286 0.032851 388.7398 0.8052 Sn, liq.
15.00 35000.00 14.765281 0.034918 393.2080 0.7936 Sn, liq.
15.00 36000.00 15.254775 0.030343 397.6500 0.6816 Sn, liq.
15.00 37000.00 15.759093 0.025198 401.7864 0.6278 Sn, liq.
15.00 38000.00 16.203336 0.034807 404.8564 0.7483 Sn, liq.
15.00 39000.00 16.709119 0.045350 409.0046 1.0015 Sn, liq.
15.00 40000.00 17.300742 0.039786 414.9578 0.9597 Sn, liq.
15.50 12000.00 5.890876 0.017640 324.3202 0.4860 Sn, liq.
15.50 13000.00 6.260765 0.015980 329.7561 0.4508 Sn, liq.
15.50 14000.00 6.601620 0.012750 334.1011 0.3351 Sn, liq.
15.50 15000.00 6.944910 0.014567 338.4469 0.4078 Sn, liq.
15.50 16000.00 7.301528 0.017838 342.8766 0.4839 Sn, liq.
15.50 17000.00 7.674644 0.020470 347.7438 0.5463 Sn, liq.
15.50 18000.00 8.068483 0.018058 352.7632 0.4734 Sn, liq.
15.50 19000.00 8.435599 0.029300 356.8992 0.7607 Sn, liq.
15.50 20000.00 8.818009 0.026390 361.2162 0.6961 Sn, liq.
15.50 21000.00 9.246835 0.031620 366.7504 0.8375 Sn, liq.
15.50 22000.00 9.574811 0.016744 369.4487 0.4245 Sn, liq.
15.50 23000.00 9.987841 0.015967 373.9510 0.4373 Sn, liq.
15.50 24000.00 10.404700 0.024327 378.5726 0.6227 Sn, liq.
15.50 25000.00 10.878299 0.017398 384.3097 0.4459 Sn, liq.
15.50 26000.00 11.273211 0.019309 387.8429 0.5054 Sn, liq.
15.50 27000.00 11.671612 0.016268 391.3259 0.4385 Sn, liq.
15.50 28000.00 12.172118 0.016902 397.3977 0.4386 Sn, liq.
15.50 29000.00 12.578995 0.023057 400.6931 0.5580 Sn, liq.
15.50 30000.00 13.036629 0.035681 405.4156 0.8883 Sn, liq.
15.50 31000.00 13.473088 0.021304 409.0829 0.5305 Sn, liq.
15.50 32000.00 13.929220 0.035625 413.3568 0.8695 Sn, liq.
15.50 33000.00 14.502850 0.032632 420.0162 0.8089 Sn, liq.
15.50 34000.00 14.881349 0.030835 422.1764 0.7365 Sn, liq.
15.50 35000.00 15.452971 0.039165 428.6627 0.9305 Sn, liq.
15.50 36000.00 15.919972 0.030601 432.0734 0.7162 Sn, liq.
15.50 37000.00 16.398823 0.046140 435.9163 1.0870 Sn, liq.
15.50 38000.00 16.936166 0.041490 441.3354 0.9635 Sn, liq.
15.50 39000.00 17.417838 0.038525 445.2359 0.9009 Sn, liq.
15.50 40000.00 17.856602 0.053280 447.3523 1.2051 Sn, liq.
16.00 12000.00 6.588552 0.010326 358.5386 0.2844 Sn, liq.
continued . . .
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. . . continued
ρ T E Eerror P Perror note
(g/cm3) (K) (eV/atom) (eV/atom) (GPa) (GPa)
16.00 13000.00 6.963115 0.008863 364.2064 0.2645 Sn, liq.
16.00 14000.00 7.296499 0.011164 368.5440 0.3202 Sn, liq.
16.00 15000.00 7.667942 0.012257 373.7580 0.3362 Sn, liq.
16.00 16000.00 7.986862 0.023726 377.2274 0.6304 Sn, liq.
16.00 17000.00 8.387534 0.011216 382.9230 0.2994 Sn, liq.
16.00 18000.00 8.784691 0.018839 388.1555 0.5334 Sn, liq.
16.00 19000.00 9.127327 0.021727 391.6908 0.5879 Sn, liq.
16.00 20000.00 9.533076 0.020942 396.7413 0.5673 Sn, liq.
16.00 21000.00 9.933283 0.024231 401.6466 0.6539 Sn, liq.
16.00 22000.00 10.334831 0.024931 406.1694 0.5965 Sn, liq.
16.00 23000.00 10.720260 0.018324 410.1779 0.4803 Sn, liq.
16.00 24000.00 11.176589 0.014799 415.8585 0.3876 Sn, liq.
16.00 25000.00 11.556170 0.016564 419.4221 0.4253 Sn, liq.
16.00 26000.00 11.969329 0.019789 423.5549 0.5300 Sn, liq.
16.00 27000.00 12.386591 0.016447 427.6021 0.4415 Sn, liq.
16.00 28000.00 12.822914 0.020080 431.9745 0.5029 Sn, liq.
16.00 29000.00 13.382687 0.021465 439.2861 0.5656 Sn, liq.
16.00 30000.00 13.718886 0.020638 441.0250 0.5136 Sn, liq.
16.00 31000.00 14.243119 0.018333 447.2015 0.4761 Sn, liq.
16.00 32000.00 14.708282 0.037634 451.6111 0.9578 Sn, liq.
16.00 33000.00 15.212158 0.030973 456.7367 0.7536 Sn, liq.
16.00 34000.00 15.622535 0.032029 459.6234 0.7620 Sn, liq.
16.00 35000.00 16.115131 0.031839 464.3711 0.8149 Sn, liq.
16.00 36000.00 16.555052 0.020730 467.7551 0.4639 Sn, liq.
16.00 37000.00 17.138811 0.032858 474.1377 0.8112 Sn, liq.
16.00 38000.00 17.546811 0.037717 476.1300 0.9359 Sn, liq.
16.00 39000.00 18.094883 0.029588 481.5681 0.7611 Sn, liq.
16.00 40000.00 18.686321 0.048779 488.1845 1.0903 Sn, liq.
12.50 5000.00 -4.980080 0.002119 247.1710 0.0645 Fe, sol.
13.50 5000.00 -4.181941 0.001539 337.7488 0.0441 Fe, sol.
13.00 5000.00 -1.083734 0.002473 186.3594 0.1085 Cu, sol.
13.00 6000.00 -0.760377 0.003942 195.4087 0.1721 Cu, sol.
13.50 5000.00 -0.793778 0.001635 216.3550 0.0776 Cu, sol.
13.50 6000.00 -0.477312 0.003917 225.4728 0.1695 Cu, sol.
14.00 5000.00 -0.467014 0.001887 249.6611 0.0901 Cu, sol.
14.00 6000.00 -0.143542 0.005534 259.3500 0.2615 Cu, sol.
14.50 5000.00 -0.108334 0.002295 286.0529 0.0963 Cu, sol.
14.50 6000.00 0.204252 0.002030 295.5932 0.0933 Cu, sol.
14.50 7000.00 0.532781 0.005487 305.4198 0.2508 Cu, sol.
15.00 5000.00 0.280577 0.000841 325.6906 0.0538 Cu, sol.
15.00 6000.00 0.590610 0.001362 335.3652 0.0681 Cu, sol.
15.00 7000.00 0.917560 0.003443 345.4495 0.1676 Cu, sol.
12.00 5000.00 -5.302303 0.003458 208.0766 0.1526 Fe, sol*
13.00 5000.00 -4.607604 0.002558 290.3764 0.0785 Fe, sol*
13.00 6000.00 -4.162117 0.021780 303.7985 0.8596 Fe, sol*
13.50 6000.00 -3.782597 0.002581 349.4452 0.0848 Fe, sol*
13.50 7000.00 -0.088877 0.024718 237.4735 1.1242 Cu, sol*
